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N a previous article we have presented an analysis of the specialized neurosurgical and obstetrical aspects of subarachnoid hemorrhage (SAH) in pregnancy, s We found that the probable cause of hemorrhage could be deduced at the bedside by considering the patient's age and obstetrical history, including the time during pregnancy at which bleeding occurred. Since we were able to make a reasonable clinical diagnosis of the patient's neurosurgical condition from her obstetrical history, it seemed likely that aneurysms, arteriovenous malformations (AVM), and pregnancy may interact. To investigate this possibility we carried out a retrospective survey of patients with known intracranial vascular abnormalities and noted the effects of the lesion on pregnancy and vice versa.
Material and Methods

Selection of Patients
A review was made of the records of all 1747 patients admitted to the Regional Neurosurgical Centre, Liverpool, England, between January, 1954, and June, 1970, with a diagnosis of SAH, AVM, or aneurysm. The group selected comprised 152 women aged less than 45 years in whom an AVM or an aneurysm had been demonstrated either by angiography or at autopsy. Not all patients selected had had an SAH.
The patients were divided into two groups, depending on whether their lesion was associated with a pregnancy (Table I) . A lesion was considered associated with pregnancy if it presented 1) less than 2 years after pregnancy; 2) during pregnancy; 3) during labor or up to 6 weeks postpartum; or if pregnancy followed within 2 years after presentation of the lesion. Of the 152 women selected, 67 were in this group (Group 1 ). In 79 women in the series the lesion was unassociated with pregnancy either because they had never been pregnant, or because presentation of the lesion and pregnancy were separated by at least 2 years (Group 2). 
Analytical Method
Patients with SAH usually came under our care 24 to 48 hours following hemorrhage. In favorable cases an operation was performed as early as possible, usually within 3 to 7 days. No patient in this series died while awaiting surgery.
Particular neurosurgical management of the AVM or aneurysm was designated conservative, incomplete surgical, and definitive surgical. Conservative treatment involved 6 weeks of bed rest. Incomplete surgical treatment implied a nondefinitive operation performed to improve the hemodynamics of the lesion, for instance, cervical carotid ligation. Definitive surgical treatment involved operative exclusion of the lesion from the intracranial circulation.
The results of neurosurgical treatment were assessed by whether the patient had a satisfactory recovery, was disabled, or died. Satisfactory recovery meant that the patient was carrying out full activities with no major symptoms, signs, or disability. Disabled patients were not able to resume normal activities due to major signs or symptoms.
Any complication of pregnancy or birth was recorded and the total number of trouble-free or complicated pregnancies occurring in each group determined. The relation of number of live offspring to conceptions was also established.
Results
Follow-up was accomplished in 146 patients (96% of the total selected) by communicating with the patient herself, and the referring physician and hospital.
Etiology o[ Subarachnoid Hemorrhage
In the unassociated Group 2 patients, AVM was found in 11% of the cases (Table   1 ). This figure is very little different from the 9.3% overall average figure found in our unit. In marked contrast to this, AVM occurred in 36% of Group 1 patients, an incidence over 4 times higher than the expected one.
Patients' Age
Data on patients' age are given in Table  1 . The average age in Group 1 patients was 27 years, appreciably lower than in Group 2 patients (35 years). This is not surprising since pregnancy occurs relatively less often in women over 30 years old. However, this age difference does not explain the marked increase in AVM's in Group 1, since the average ages of the patients with AVM's in Groups 1 and 2 were almost identical (25.8 and 25.3 years respectively).
The 43 Group 1 patients with aneurysms averaged 28 years of age while the 70 with aneurysms in Group 2 averaged 37 years. In our experience, aneurysms of the internal carotid bifurcation show a relatively increased incidence in young people. TM Therefore the variations in the average ages of the two groups may explain the differing incidence of various aneurysms (Table 2 ).
Lesions Associated With Pregnancy
A neurysms. The 43 patients in Group 1 with aneurysms suffered 51 episodes of SAH. Thirteen of these occurred in pregnancy, nine between 2 days and 6 weeks post partum, and the remainder scattered in the 2 years pre-and post-pregnancy. The results of treatment are given in Table 3 .
These 43 patients conceived 118 times and gave birth to 95 (81% ) live offspring. Seventy-eight (66%) of these pregnancies were completed without complication, 38 before the SAH and 26 after. Fourteen uncomplicated pregnancies were completed less than 2 years after SAH in patients in whom an aneurysm had been identified and nonsurgically treated. In 40 (33%) of the 118 pregnancies some complication arose; 16 of these 40 pregnancies occurred before and 24 after the neurosurgical episode. Preeclamptic toxemia occurred in 15% of pregnancies, and fetal death in 8%. Delivery was by caesarean section in 7% of cases.
AVM's, aneurysms, and pregnancy AVM's were found in 24 (36%) of the 67 patients in Group 1, an incidence about four times greater than expected. They did rather better than their counterparts with aneurysms. Although episodes of SAH were more frequent (42 hemorrhages in 24 patients), results were better. Thirteen patients had an SAH during pregnancy, labor, or early puerperium, but none did so in the period between 2 days and 6 weeks post partum. There were eight instances of recurrent hemorrhage during the same pregnancy. Results of treatment are given in Table 3 .
The women with AVM's conceived 47 times and produced 35 (74%) live offspring. Trouble-free pregnancy (49%) occurred about as frequently as complicated pregnancy (51%). Pre-eclamptic toxemia did not occur, but the rate of fetal death was 26%; 20% of deliveries were by caesarean section.
Lesions Unassociated With Pregnancy
A neurysms. In the 70 Group 2 patients with aneurysms unassociated with pregnancy, there were 90 episodes of SAH. Results of treatment are given in Table 2 ; 42 of the surgical patients were treated by incomplete means.
These 70 patients conceived 120 times and gave birth to 110 (92%) live offspring. One hundred (83%) of these pregnancies took place without any complication occurring; in 20 (17%) some complications did arise. All pregnancies took place more than 2 years before the patient's neurosurgical illness. Pre-eclamptic toxemia occurred in 4% of patients, and fetal death in 8%. Less 43  64  15  35  7  47  1  6  7  47  28  65  24  86  4  14  0  0  24  36  20  83  13  66  5  25  2  10  4  17  4  100  0  0  0  0   70  84  24  34  14  58  3  12  7  29  46  66  32  70  9  20  5  11  9  11  7  78  6  86  0  0  1  14  2  22  2  100  0  0  0  0 than 1% of deliveries were by caesarean section. Arteriovenous MalJormations. Of the 79 patients unassociated with pregnancy, nine (11%) had AVM's, which is very little different from the overall average for all patients with subarachnoid hemorrhage found in our unit (9.3%). Of these only one presented with SAH. Seven patients were managed conservatively; one patient with SAH, whose lesion was considered inoperable, bled again and died. The results in the other six patients were satisfactory. The two patients who were operated on both did satisfactorily; one of them, in whom a total excision of the AVM was accomplished, subsequently produced a full-term healthy infant without any trouble.
Clinical ManiJestations
Neurosurgical Symptoms and Signs. In all but one of the patients with aneurysms of either group, SAH was the presenting sign. Fifteen episodes of SAH occurred during pregnancy.
As expected, only one of the nine patients with AVM in Group 2 presented with SAH; the remainder exhibited seizures, bruit, or migraine. In marked contrast to this, 21 of the 24 patients with AVM's in Group 1 had SAH, and 11 of these occurred during pregnancy.
Subarachnoid Hemorrhage in Pregnancy. Of the 28 patients previously reported 8 in whom SAH occurred during pregnancy, arteriography or autopsy showed that 93% had a demonstrable cause for hemorrhage. This high proportion of positive investigations was striking, and equally remarkable was the number of AVM's that had bled during pregnancy. In pregnancy, AVM's are as frequent a cause of SAH as are aneurysms.
The typical patient with SAH due to AVM is 18 to 25 years old. Normally she will be primiparous, but if she has had previous pregnancies, then it is likely that there has been a cerebral incident involving herself (56%) and an obstetrical incident involving the fetus (49%). Hemorrhage usually occurs during the 16th to 24th week of pregnancy, shortly before labor, during delivery, or in the early puerperium. Recurrent hemorrhage in pregnancy is high (27%) and may occur at any time following the original hemorrhage.
The typical patient with subarachnoid hemorrhage due to aneurysm is 25 to 35 years old, multiparous, and will have had no trouble with her previous pregnancies. SAH will usually occur between the 30th and 40th week of gestation, and is rare during delivery or the early puerperium. Nine patients suffered their first spontaneous SAH between 2 days and 6 weeks post partum.
Neurosurgical Treatment. We divided our aneurysm patients into two categories as suggested by McKissock and Walsh, v to see if this would account for the differing results in our two groups of conservatively treated aneurysms. Grade A patients were considered to be in danger of dying from the effects of the first hemorrhage; Grade B patients were well following their first hemorrhage although still in danger of death from recurrent hemorrhage. This type of subdivision makes it difficult to interpret since the numbers are small, but this breakdown is presented in Table 4 . The time factor since SAH in our series was relatively constant.
In both Groups 1 and 2, the management mortality, irrespective of grade, was lower in the operated group than in the conservatively managed group.
In Grade A patients, pregnant and nonpregnant groups were similar in regard to the results of conservative or operative treatment, and the superior results of operation are presumably related to the relating high incidence of intracerebral hematoma.
In Grade B patients, however, there was a tendency for the non-pregnant (Group 2) conservatively managed patients to do better than their pregnant (Group 1 ) counterparts. Four of the 20 patients in Group 2 died from recurrent hemorrhage, whereas there were 5 deaths among the 12 patients in Group 1. The difference in the average ages of the two groups should not be a factor since, irrespective of the method of treatment, younger patients do better than older ones following SAH.
Eight conservatively managed aneurysm patients who had never been pregnant did not die of the initial SAH, have never had a recurrence, and at an average follow-up time of 9 years remain completely well. The difference in these figures does not achieve a statistically significant level; analysis of the difference in mortality of conservative treatment for Grade B aneurysms in pregnant and non-pregnant groups shows p to lie between 0.20 and 0.10 using the student t-test.
Obstetrical Treatment. The puerperium was divided into an early phase, up to 48 hours post partum, and a late phase, from 2 days to 6 weeks post partum. This distinction was made to allow for reversal of cardiovascular changes associated with labor and delivery. '~,s Management of Patients with Known Intracranial Lesions. Twenty-eight patients with aneurysms had full-term normal deliveries without any special obstetrical care; aneurysm must have been present, but had not yet caused symptoms, and its existence was therefore unsuspected. Fourteen patients with proven aneurysms were delivered under lumbar epidural anesthesia, with forceps in the second stage of labor. These deliveries occurred within 2 years of a proven SAH, but no patient showed neurological signs or symptoms during labor or the puerperium. This successful result in 41 out of 42 confinements conforms with our view that caesarean section in patients with aneurysms offers no extra safety or special advantage, and should therefore be performed for obstetrical and not for neurosurgical reasons.
Arteriovenous malformations, however, present different problems. These lesions may actually bleed during labor, so that delivery by caesarean section at 38 weeks offers the mother and the fetus some definite protection. Sterilization at the time of caesarean section should be considered.
Effects of Intracranial Lesions on Pregnancy.
The fetuses of the pregnant women with recognized AVM's suffered a 26% death rate (Table 5 ). The death of a fetus consequent upon the mother's death from SAH is excluded from this figure. This high death rate occurred in spite of a 20% delivery rate by caesarean section, and a 0% incidence of pre-eclamptic toxemia. Some other abnormality occurred in a further 23 % of pregnancies. Thus the expected incidence of some fetal complication was 49%.
The corresponding fetal death rate in patients with aneurysms was 8%. Complications of pregnancy occurred in 33%, and, as aneurysms tend to bleed in the last 10 weeks of pregnancy, premature labor was particularly common. The overall incidence of preeclamptic toxemia in subsequent pregnancies was 15%, but the figure for Group 2 patients was only 4%. Patients dying of ruptured intracranial aneurysms usually have postmortem evidence of left ventricular hypertrophy (cardiac), 1 and this is presumably related to the higher incidence of preeclamptic toxemia in aneurysm patients who become pregnant.
Discussion
Management of Subarachnoid Hemorrhage in Pregnancy
We carry out early investigation of these patients if their clinical condition warrants *PET = Pre-eclamptic toxemia. tDeath of fetus in one mother who aborted during first pregnancy and then died of SAH in next; one stillbirth with cord around neck; and one early neonatal death from cystic fibrosis.
:~Death of fetus in one mother who had had therapeutic abortion (not advised by us), conservative treatment for her aneurysm, and then had a successful pregnancy.
it. Results are usually positive (93%), and we have experienced no complication from angiography during pregnancy. We use additional screening for the fetus. Early operation for aneurysms has been our policy where possible. Although it may become essential to induce hypotension during the course of an intracranial operation, we avoid it if we can, since it is often followed by premature labor with or without fetal death. Hypothermia is well tolerated. 2 In patients with SAH from AVM's, we prefer to carry out surgical treatment without disturbing the pregnancy if this is possible. Since AVM's are generally less lethal than aneurysms we operate on a relatively lower percentage of these patients; again, we use hypothermia but no hypotension.
Effects of Pregnancy on Intracranial Lesions
A patient with an AVM who never becomes pregnant has a relatively low risk (10%) of sustaining an SAH; however if a woman does become pregnant the chances of hemorrhage at some time increase to 87%.
The peak danger periods of SAH from AVM tend to occur at the times of greatest rate of change of cardiac output (early in pregnancy, during labor and delivery). In the case of aneurysms the usual timing of the hemorrhage (30th to 40th week of gestation, 2 days to 6 weeks post partum) does not coincide with changes in cardiac output2
If cardiovascular stresses are not directly implicated in aneurysmal rupture during pregnancy, then possibly the mechanism is a hormonal one. A similar mechanism could also explain the increased incidence of spontaneous carotico-cavernous fistulas reported in women following abortion. 11 Moreover, the increased coagulability that occurs toward the end of pregnancy may also be preferentially effective in stopping hemorrhage from aneurysms. 9 There is a rise in plasma fibrinogen, the fibrinolytic activity decreases, and the platelets increase by about a third. Factor VII is also increased so that the balance is shifted to encourage clotting. Other factors characteristic of pregnancy may also be concerned. These include the high thromboplastin concentration in the uterus, the partial inhibition of the reticulo-endothelial system (which partly clears coagulation products), a possible anaphylactoid reaction because the fetus may be immunologically distinct from the mother, and the presence of large amounts of plasminogen in the myometrium.
The initial control of hemorrhage, however, depends on the ability of the feeding vessel to contract so that the flow of blood is sufficiently reduced to allow clotting to occur. The normal feeding artery of an aneurysm should exhibit a normal or increased degree of constriction in response to SAH, and thus allow the hypercoagulability of the blood to make a rapid and effective seal at the point of rupture. On the other hand, the vessels of an AVM are abnormal and may have impaired ability to contract; thus the possible benefits of hypercoagulability cannot become effective.
In this study, the mortality accompanying conservative treatment of aneurysms in the pregnant group of 15 patients was 47%, whereas in the non-pregnant group of 24 patients it was 29% (Table 3 ). There have been conflicting reports regarding the risk of further serious hemorrhage in patients with untreated aneurysms. ~,6 Possibly the presence or absence of pregnancies in women patients may account for some of these differences.
Conclusions
On the basis of our study we can make the following prognostications. Among women who have not been pregnant in the 2 years preceding an SAH, an AVM will be found as a causative lesion in 11% of the cases with positive investigations. If pregnancy has occurred in those 2 years the incidence of AVM rises to 23%; if SAH occurs during pregnancy then the incidence of AVM will be 50%. If the woman with an AVM has never been pregnant, the risk of SAH is 10%; if she becomes pregnant the likelihood of SAH is 87%. If an SAH due to AVM occurs during pregnancy the risk of recurrent hemorrhage during the same pregnancy will be 27%.
If the recognition of aneurysm and pregnancy occurs at least 2 years apart, the mortality associated with conservative treatment is 29%; if the onset of these two conditions overlap by the same amount, the mortality is 47%. In patients with untreated aneurysms who survive 3 months after SAH and who never becomes pregnant, the prognosis is benign.
Typically, in pregnant women SAH due to AVM usually occurs between 18 and 25 years of age in either a primipara or a multipara with previous complications of pregnancy; SAH occurs early in pregnancy, or during labor and "early" puerperian.
SAH due to an aneurysm in pregnancy will usually occur between the ages of 25 to 35, in a multipara whose previous pregnancies have been normal. SAH usually occurs between the 30th and 40th weeks of gestation, or between the second day of the sixth postpartum week.
Early investigation and treatment of the lesion that produced the SAH, when possible, give results that are an improvement on the natural history of the disease for both mother and fetus. Special shielding during radiology is required, and, if possible, hypotension should not be used during operation as it is associated with fetal distress and premature labor. Hypothermia may be used with safety.
Delivery in patients with known intracranial aneurysms is best managed by lumbar epidural anesthesia, assisted second stage, and careful use of oxytocics. In patients with AVM, delivery by elective lower caesarean section at 38 weeks is the safest method. Concomitant sterilization should be considered.
In subsequent pregnancies, aneurysm patients have a 15% chance of developing pre-eclamptic toxemia. Patients with untreated AVM's carry a risk of SAH (mortality and morbidity rate, 33%) and fetal death (26%).
Summary
The data indicate that pregnancy has a deleterious effect on arteriovenous malformations, making them more likely to bleed and thus disable or kill the patient. If a patient with an AVM does become pregnant, SAH plus some serious complication of pregnancy must be anticipated, and delivery by caesarean section with concomitant sterilization is advised.
Patients with aneurysms who become pregnant have an increased expectation of developing complications during pregnancy, but still have a reasonable chance of producing live offspring, and a modified normal delivery is therefore advised. The high incidence of positive angiography in pregnant patients with SAH, the way in which aneurysms tend to bleed at a specific time in pregnancy, and the differences in the natural history of untreated aneurysms in pregnant and non-pregnant groups, all suggest that pregnancy affects aneurysms adversely, but this has not yet been proven statistically.
